People choose a new mobility tool when their mobility needs of change or their current vehicle need replacement. Changes in mobility needs may be triggered by life events. A life event triggers households to reconsider their current vehicle holdings and leads them to change their vehicle holdings if the changing demand makes a changed desirable. Electric cars and car sharing provide new options, which deserve studying in the context of sustainable transport and energy consumption. In the context of re-assessing mobility needs, it is important to better understand the process that leads households to purchase an electric car as a replacement or supplement of their current vehicle, or to join car-sharing. To investigate this decision-making process, a stated choice experiment was designed. This paper reports the results of a mixed logit model, which was estimated to assess the degree of heterogeneity among households in their preferences for vehicle purchase and replacement decisions as a function of life events.
Introduction
To mitigate pollution and energy consumption, plans to stimulate consumers to replace conventional vehicles (CV) with greener means of transportation, such as electric vehicles (EV), electric bikes and car sharing have been put high on the policy agenda. Yet, the market shares of these emerging transportation modes are still relatively small. Several studies have investigated why people purchase an electric car or join a car sharing organization (e.g., Kim, Rasouli, and Timmermans 2014) . In case of electric cars, the higher price, limited battery power and supply of charging stations are major factors making people reluctant to buy an electric car (e.g., Brownstone, Bunch, and Train 1999; Ahn, Jeong, and Kim 2008) . Uncertainty in car availability is a major factor for not joining a car-sharing organization (e.g., Kim,
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The decision to buy a new car or join a car-sharing organization is primarily triggered either by the desire to replace the existing car although the mobility needs did not significantly change or by (anticipated) changes in mobility needs. The latter are often triggered by life course events such as change of job, residential relocation, and changes in household composition (e.g., Verhoeven et al. 2005; Oakil et al. 2014) . For example, change of job may involve a longer travel time and/or a location that is less accessible by public transportation. It may lead people to change their mode choice from public transportation to the car. If they do not have a car available, it may lead to the decision to buy one. Vice versa, a new job located close to a major train station may induce household to sell their (second) car and use the train. The birth of the first child often leads women to buy a car because it better serves their changing mobility needs.
Few studies have examined the relationship between life cycle events and the purchase of electric cars, electric bikes or the decision to join a car sharing organization. These mobility options provide newly emerging options for households to satisfy their changing mobility needs. For instance, when households with a limited budget experience increasing mobility needs, rather than purchasing an extra conventional vehicle, they could opt for an electric vehicle, which has lower operating costs. This is particularly true when government is offering substantial tax reductions to stimulate electric cars. Alternatively, they could join a car-sharing program if they only occasionally need a vehicle. Generally, every time an individual or household becomes involved decision whether to purchase an extra or new car due to necessary replacement or to increasing mobility needs, they need to decide buying an electric car, a conventional vehicle, an electric bike or join a car sharing program, or use other transportation modes.
The objective of this study, therefore, is to investigate how life cycle events are related to changes in vehicle possession and mobility tools with special emphasis on electric and shared mobility. Most studies about the relationship between life cycle events and vehicle possession are based on revealed data about people's life trajectories. In this study, we use stated choice data, which has more commonly been applied to understand the demand for electric cars and shared mobility (Costain et al. 2012; Timmermans, 2013, 2016; Johnson and Rose 2013; Hoen and Koetse 2014; Hackbarth and Madlener 2016; Becker et al. 2017) . Possible key events related to the life courses of individuals and households are incorporated as context variables in the stated choice experiment.
This article is structured as follows. First, we will discuss the design of the stated choice experiment, followed by a discussion of sample characteristics. Then, the stated choice data will be analyzed using a mixed logit model. The results of the estimation will be discussed in section 3. The paper will be completed with conclusions.
Design experiment and data collection
To investigate how life events influence vehicle holdings and mobility tools transactions, a stated choice experiment was designed and implemented using a Web-based questionnaire, which consisted of two main parts. The first part asks respondents to provide personal and household socio-demographic information (e.g., age, gender, household composition) and describe the household vehicles (i.e., car type and mileage per year). The second part of the questionnaire concerns the stated choice experiment. The life cycle events were treated as context variables that affect vehicle holding/mobility tools transaction decisions. Consequently, the design of the experiment involves the selection of life cycle events, and the selection and definition of attributes characterizing the transportation mode options.
Attributes and attributes levels
Life events are key events that an individual may experience during his/her life. In the literature about the relation between car ownership and life events, change in household composition, change of job, change of income, and residential move has received most attention (e.g., Yamamoto 2008; Oakil et al. 2014) . In our study, we selected the following the life events: start of joint household (living together/marriage), separation, baby birth, child(ren) leaving home, change of job, retirement, increase of household income, decrease of household income and relocation. No change served as a base.
In the description of the hypothetical choice contexts, further details about the life events were provided to better allow respondents to immerse in the experiment. When an individual starts living together with a partner, any change in vehicle holdings may depend on whether or not the partner has a job and/or car. Therefore, information about the job and car ownership of the partner was provided. When changing job, vehicle holdings decisions may depend on the commuting distance and the level of service of the public transportation system. Distance to the new job location was varied at 5 km, 15 km, 45 km, 75 km, and 105 km, while the frequency of public transportation to the job location was varied at 15 min, 30 min, and 60 min. The decrease and increase in household income were set at 10% and 20% relative to current household income. Considering the influence of travel distance on car holding decisions, the average weekly travel distance for daily activities was specified as 200 km, 500 km, and 1000 km.
Conventional car, electric car, car sharing, and electric bike were selected as the four transportation mode choice alternatives. Based on the literature (e.g., Shaheen and Cohen 2012; Johnson and Rose 2013; Kim, Rasouli, and Timmermans 2014) , a set of attributes and attribute levels was selected for each transportation mode as shown in Table 1 . Purchase price, maintenance costs and operating costs were selected for all transportation modes. Three levels were defined to vary the purchase price of electric cars: 15,000 euros, 30,000 euros, and 45,000 euros. The price of an electric car was calculated based on the price of the corresponding conventional car. The net price of an electric vehicle relative to the price of the same conventional vehicle was set at a premium price of +15%, +30%, and +45%. Similarly, two levels were defined for the maintenance costs of the conventional vehicle: 150 euros per month and 250 euros per month. The maintenance costs of the electric vehicle were set to 10% and 20% higher than the maintenance costs of the conventional vehicle. The operating costs of the electric vehicle was set to 0.04 euros per km and 0.06 euros per km, while the operating costs of the conventional vehicle were varied at 0.1 euros per km and 0.15 euros per km. The operating cost of car sharing was set to 0.2 euros per km and 0.3 euros per km according to prices commonly asked by car sharing companies. In addition, several alternative-specific attributes were selected. For electric vehicles, driving range, charging time, travel time to charging station, chance of charging opportunity and free parking policy were included. The normal driving range of electric vehicles in the market is around 275 km. Considering the possible improvement of battery technology in the future, we set 450 km as the upper bound of the driving range. Fast and slow charging was expressed in terms of charging time for every 100 km.
For car sharing, the hourly rate was selected as most car sharing companies charge by the hour. The hourly rate was set to 4 and 6 euros per hour. As to the convenience of car sharing, access time and vehicle availability were selected. Access time, which equals the time to the nearest pick up point, was varied at 5, 10, and 15 minutes. Vehicle availability, which means the chance that a car is available, was varied at 60%, 80% and 100%. For an e-bike, the driving range of a single charge was varied as 40 and 80 km. In addition, respondents were informed whether a dedicated bike lane was available or not for their main daily routes.
Design of experiment
Considering the number of attributes and attribute levels in the experiment, it is prohibitive to create a full factorial design. To reduce the number of choice sets, a D-efficient fractional factorial design consisting of 648 profiles from the 2 13 ×3 10 ×32 full factorial design was created. To ensure that the hypothetical life events presented to respondents with a particular socio-demographic profile, respondents were classified into 24 types according to their age, occupation, and living situation to indicate whether a respondent is single or living with a partner, and has children. Realistic choice profiles were assigned randomly to the corresponding types of respondents. For instance, the event of baby birth was assigned only to respondents who have a partner.
Each respondent was presented 8 choice situations. Respondents were requested to carefully read the hypothetical choice situation, indicate transportation mode they prefer if that choice problem would occur and whether they would keep or sell their current car. Consequently, respondents could choose from 10 options; keep the current car and buy an EV (Keep + EV); keep the current car and buy a CV (Keep + CV); keep the current car and join a car sharing organization (Keep + sharing); keep the current car and buy an E-bike (Keep + E-bike); sell the current car and buy an EV (Sell + EV); sell the current car and buy a CV (Sell + CV); sell the current car and join car sharing (Sell + sharing); sell the current car and buy an E-bike (Sell + E-bike); sell the current car (Sell); and none of these.
Data collection
The data were collected in the city of Weiz, Austria in October 2017. Before estimating the model, the reliability of the responses was checked. First, 81 respondents who completed the questionnaire within 10 minutes were disregarded because we have doubts on the reliability of their responses. Second, another 7 respondents, who provided stereotyped response patterns, were excluded from the model estimation. After data cleaning, 203 respondents remained for analysis. Consequently, 1,624 choices were used for model estimation. Table 2 presents the frequency distribution of the socio-demographic characteristics. It shows that the number of males and females is almost equally distributed. Regarding their living situation, more than one-third of the respondents lives with their partner and child, while 26.7% lives with their partner without children and about 16% is single. The majority of the respondents has a full-time job, while about 20% has a part time job. Around 43% of the respondents have a gross annual income of between 25,000 and 50,000 euros, while 28% of the sample has a higher income. The remainder has a relatively low income (less than 25,000 euros/year).
Model estimation

Mixed logit model
As electric vehicles are relatively new products and preferences for electric cars may differ by personality and life style, preference heterogeneity in the population should be considered. To capture such heterogeneity, a mixed logit model was used in this study. Because of the sample size, only the random effects of important variables were considered. Price and maintenance costs of electric vehicles were assumed to follow a normal distribution to capture heterogeneity in the population. The utility of alternative i for respondent n in choice situation t can be written as:
where U int is the utility of alternative i for individual n in choice situation t, β' , which is the parameter for x k in the vector A int X , can be specified as: 
Results
The estimation results of the mixed logit model are listed in Tables 3 and 4. Table 3 shows the parameters related to the life events, socio-demographics, and attributes of current vehicles. Table 4 shows the parameters of the attributes of the new transportation options. Relative to the corresponding multinomial logit model, the goodness-of-fit of the mixed logit model is much higher (log-likelihood increased from in -2367.40 to -1941.44), the Chi square statistic of mixed logit model is 3587.49, the associated p value is 0.29×10 -6 . The adjusted Rho-squared increased from 0.163 to 0.470 implying that the estimated model has a higher explanatory power.
The signs of most attributes are in line with theoretical expectations. All intercepts are negative, indicating that people are inclined to keep their current cars. Although the electric car is the most popular new transportation mode for people to replace their current vehicle, still the majority of the respondents prefers a conventional car. The standard deviations of each intercept are highly significant, which suggests substantial heterogeneity in people's preferences.
According to the results of the life events, the parameters of purchasing an additional means of transportation triggered by the life event of starting to live together with a partner who has a car are all negative, while the parameters for the alternatives involving replacing or selling their current car are all positive. It indicates that people are more likely to replace or sell their current car than purchasing an additional means of transportation when they are going to live with a partner who has a car. When people start to live together with a partner who has a job, they are more likely to replace or purchase a car than an E-bike or to join car sharing, which suggests people prefer a car to an E-bike and car sharing when their partner has a job. When people separate from their partner, they are inclined to replace their current car rather than sell it or purchase an additional car. Baby birth has a positive effect on purchasing an additional vehicle and a negative effect on purchasing an E-bike and joining a car sharing program. When people have a new job, the probability they purchase another conventional vehicle increases as a function of increasing commuting distance. The probability of purchasing an electric vehicle increases when the commute distance is less than 75 km and decreases when it is more than 75 km. It suggests they are concerned about the driving range. Several studies suggested that retirement most likely leads reduced car ownership (e.g., Oakil et al. 2014) . In this study, we found that people are inclined to sell their current car and purchase other types of mobility tools instead of only selling their car.
As for socio-demographics, results show that people who have a job prefer an electric car to other mobility tools and are inclined to purchase an additional vehicle. Commuting distance has a significant influence on the acceptance of E-bike and car sharing. Attributes of the current car also play a role. Respondents are more likely to keep their current car when the maintenance costs of the current car are low. Similarly, people are more likely to purchase an additional vehicle, especially a conventional vehicle, with increasing annual mileage of the current vehicle.
Results also indicate that respondents' propensity to purchase an electric vehicle declines when it is 30% to 45% more expensive than a conventional vehicle. Results suggest that when people purchase an electric vehicle as an additional vehicle, they are more sensitive to price. If the driving range of the electronic car is shorter than 300 km, people tend not to replace their car with an electric vehicle or to purchase an electronic vehicle as an additional vehicle. A free parking policy has a positive effect on the probability of purchasing an electric vehicle. In contrast, free parking only during non-peak hours has no significant influence on the purchase of electric vehicles. For car sharing, the hourly rate has a negative effect on the probability of choosing car sharing. Compared with people who chose car sharing as a substitution of their current car, people who chose car sharing as an additional mobility tool are more sensitive to the hourly rate. For E-bike, the utility of choosing e-bike as a substitute is monotonically decreasing with an increasing price of the e-bike. 
Conclusions
The objective of this study is to enhance our understanding of how life events influence household vehicle transactions and the acceptance of electric mobility tools and car sharing. A stated choice experiments in which respondents were shown a particular life event and asked if and how they would change their vehicle holdings was administered to collect the relevant data. A mixed logit model was estimated to investigate the effects of attributes of mobility tools, life events, socio-demographics and the characteristics of the current car on transaction probabilities. Results shows that life events have a significant but varied effect on the choice of new mobility options. Overall, based on the results of this study, consumer interest in buying electric vehicles or joining car sharing is relatively low. There is, however, evidence of substantial heterogeneity between individuals. Future studies, therefore, could take into account the influence of people's attitudes in the specification of the choice model. In addition, the potential substitution between alternatives should be treated properly by introducing error components in the model. We plan to address these issues in our future work.
